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(54) Thermally stabilized, reduced 
platinum metal oxide electrocata- 
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(57) Electrocatalytic material com- 
prising at least one reduced plati- 
num group metal oxide is subse- 
quently heated in the presence of 
oxygen at a temperature high 
enough to stabilize the catalyst in 
acidic and halogen environments. 
The catalyst optionally contains 
thermally stabilized oxides of transi- 
tion or valve metals, nitrides, car- 
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graphite. A gas permeable electrode 
structure includes particles of the 
catalyst and a polymeric binder. A 
method of preparing the electroca- 
talytic material is described as well 
as a unitary electrolyte electrode 
structure which has a gas permea- 
ble electrode containing thermally 
stabilized particles of the electroca- 
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SPECIFICATION 

Thermally stabilized, reduced platinum metal oxide electrocatalyst 

5 The instant invention relates to a electrocatalyst. a catalytic electrode, and a membrane/elec- 5 
trode assembly. More particularly, it relates to catalysts and electrodes which are particularly 
useful in the electrolysis of halides. 

Generating gas by electrolyzing a chemical compound into its constituent elements, one of 
which may be a gas. is. of course, an old and well known technique. One recently developed 
10 form of such gas evolving electrolyzer involves the use of a cell which utilizes an electrolyte in 10 
the form of a solid polymer, ion-exchanging membrane. In an arrangement of this sort, catalytic 
electrodes using a suitable catalyst are positioned on opposite sides of an ion transporting 
membrane medium such as a sulfonated perfluorocarbon ion-exchange membrane. Through an 
oxidation reaction, the ionic form of one of the constituent elments (hydrogen ions, for example, 
1 5 when H 2 0 or HCI is electrolyzed, or sodium ions when an alkali metal halide such as sodium 1 5 
chloride is electrolyzed) is produced at one electrode. The ion is transported across the ion- 
exchanging membrane to the other electrode where it is reduced to form an electrolysis product 
such as molecular hydrogen, NaOH, etc. Solid polymer ion-exchange membranes electrolysis 
units are particularly advantageous because they are efficient, small in size, and do not utilize 
20 any corrosive liquid electrolytes. 20 
Various metal and alloys have been utilized in the past as part of the catalytic electrodes 
associated with such electrochemical electrolyzing cells. The performance of the catalyst at the 
gas evolving electrodes is obviously crucial in determining the effectiveness and efficiency of the 
cell, and consequently of the economics of the process. The choice of a catalyst in an 
25 electrochemical cell and its effectiveness depends upon a complex set of variables, such as 25 
surface area of a catalyst, availability of oxides of its species on the catalyst surface, 
contaminants in the reactants, and the nature of the conversion taking place in the cell. 
Consequently, it is, and always has been, difficult to predict the applicability of a catalyst useful 
in one electrochemical cell to a different system. A commonly assigned Patent No. 3.992.271 
30 entitled "Methods and Apparatus for Gas Generation" describes an improved oxygen evolving 30 
catalytic electrode utilizing a platinum-indium alloy, a mixture which was found to provide much 
improved performance and efficiency. Another commonly assigned U.S. Patent No. 4.039,490 
describes another oxygen evolving catalytic electrode which utilizes reduced oxides of platinum- 
ruthenium. The platinum-ruthenium catalyst not only is substantially less expensive than the 
35 reduced platinum-iridium catalyst, because it uses a less expensive material such as ruthenium 35 
to alloy with the platinum, but it also turns out to be more efficient because it has a lower 
oxygen overvoltage than a platinum-iridium electrode. 

However, attempts to use reduced ruthenium oxide electro-catalysts for evolution of halogens 
by electrolysis of aqueous halide solutions have not been entirely successful due to the harsh 
40 electrolysis conditions in the cell. There can be substantial loss of catalyst from the membrane 40 
during chlorine evolution since these reduced platinum metal oxides are susceptible to 
dissolution in acidic environments which are present in the electrolysis of hydrogen halides or in 
the electrolysis of alkali metal halide solutions which are often acidified. Not only is there a 
tendency to dissolution of the platinum metals resulting in a loss of a catalytic material, but the 
4 5 overvoltage of the electrodes also tends to increase so that the efficiency of the cell decreases, 45 
and in many instances does not permit prolonged periods of operation. 
The advantages of the invention will become apparent as the description thereof proceeds. 
In accordance with the invention, the novel electrocatalyst comprises at least one reduced 
platinum group metal oxide which is subsequently treated in the presence of oxygen at a 
50 temperature high enough to stabilize the oxide thermally to increase the resistance of the 50 
catalyst against the corrosive electrolysis conditions. The catalytic, reduced platinum group 
metal oxide may optionally contain other reduced platinum group metal oxides such as iridium 
and optionally up to fifty (50) percent by weight of the eiectroconductive extenders such as 
graphite, valve metal oxides, titanium metal oxides and nitrides, carbides, and sulfides. 
55 Examples of useful platinum group metals are platinum, palladium, iridium, rhodium, ruthen- 55 
ium. and osmium with the preferred reduced metal oxide for chlorine and other halogen 
production being thermally stabilized, reduced oxides of ruthenium. Reduced oxides of ruthen- 
ium are preferred because they are found to have extremely low chlorine overvoltages as well as 
their stability in the electrolysis environment. 
60 As pointed out above, the electrocatalytic material may be a single reduced platinum group 60 
metal oxide such as ruthenium oxide, or platinum oxide, or iridium oxide, etc. It has been 
found, however, that mixtures or alloys of thermally stabilized, reduced platinum group metal 
oxides are even more stable. One such mixture or alloy of ruthenium oxide containing up to 
twenty-five (25) percent of iridium oxide, with the preferred range being five (5) to twenty-five 
65 (25) per cent by weight calculated as metal, even though iridium is somewhat more expensive 65 



GB2 009 788A 



^ lhan ruthenium alone. 

) Electroconductive extenders such as graphite have low over-voltaqes for haloo™* »nH a „ 

substantraMy less expensive than the platinum metal oxides and ma? reaS i b 
w.thout reducmg «he effectiveness of the catalyst. In addition to graphite oxides of va?ve i„ 

addJ^ U \ an :r- ,a ^ alUm K ni0b ' Um - ,Un9Sten - vanadium ' ' ircon ^ a"d hafnium ma b ™ 
SS^SE^"' a 'V s « a » d urease its resistance against Le7J 

The thermally stabilized, reduced platinum metal oxides and the extenders th^tn f«, mo ^ . 
Si. ift. ' t ""T**"' » si ™"«<! ' stable torn „hich is bonid ,„ 3 , i' a 7ol 

oresencP i n ' ng ' * 0X,de ,0 3 P3r,ia,,y °* idi2ed s,a,e and « he " he ^ing the lafte in the 
presence of oxygen at a temperature which is sufficiently high to stabilize the reduced nxiH*, 

nJ.t "° V t e,fea ! ures which ™ believed to be characteristic of this invention are seS wi h 
20 and mi2 ^ The invention i,se,f - "Owever. both as to its orga* at*" 

llnH H operat,on. together with further objects and advantages thereof may best be 

in; d rrngs b !n r whi e c n h Ce *° ^ ^ the^ccomp^ny- 

utiHzino^VnliH S ^. ematic ;^««rtion of an electrolysis cell in accordance with the invention 
25 Se Vis f SSST e, f, Ctro,yte me / nbrane and novel cata, V« bonded to the surface Thereof 

The novel electrocatalyst which includes thermally stabilized reduced oxides of a nl a iin.. m 
maTbe m D e reLt^ °' combi ™ io " wi ' h «*" platinum group meSs oTjSln- vate meTals 
30 ^^^2^ faShi ° n Wher6by 30 "'^ iS P--nen, a p V a e rtS; a 

' prJZaZnZ d t£ a »Z\ ° f "f^l™ * P 3 modificatio " ° f «"e Adams method of platinum 
) dSSS l£l . add,t, °, n ° f 3 ,hefm a»y decomposable platinum halide. such as ruthenium 

5^^ r h B 8 , S!. , !;i n. d t eS,fed ' al0 7 3n a -nti.y of other thermaf.y 

35 Adams method of J,.- P me,3 ' S 0T V3 ' Ve me,a,S ,0 an excess of sodium nitrate The 

Adams and R I p 3t . ,num P'eparat.on , S disclosed in an article published in 1 923 by R 
Adams and R. L. Schrmer ,n the Journal of the American Chemical Society Volume 45 Paoe 

50 TS^^J^^^^i^^ i e - e'ectrochemica. reduction in an acid medium 
oxide is dried thnrnfmhiw l duCe ? P ,at » n "™ /"etal oxide, either alone or as a mixed alloy 
a 400 m 51k , 1 horou 9 n 'y- such 35 by the use of a heat lamp, ground, and then sieved throuoh 

Th^TsuLo rrd^r, 10 /^"" 3 " ne P ° wder of the reduced I**™" Se 

. ss^~^ 

)60 the outside of the reduced ox de oartSle Thi! ?,Tr pore d,amater 3nd Stab,e thin °* id * fil ™ °" 
1 to the evolved havens Thus orlferabt ?hT r^' 0 ^ 0 ^ 3C ' d ° r ° ,her ha,ide acid so,oti <™ or 

65 =asswas SS£:»^ 
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It has also been found that the electrocatalytic activity of the catalyst and of the electrode 
including the catalyst is optimized by providing the catalytic particles in as fine a powder form 
as possible. Thus, it has been found that the surface area of the particles, as observed both by 
the BET nitrogen absorption method, should be at least 25 meters square per gram of catalyst 
5 (M 2 /g) The preferred range is 50 to 1 50MV9- 5 
The gas permeable electrode structure of catalytic particles and fluorocarbon polymer particles 
is produced by blending the catalytic particles with a Teflon dispersion to produce a bonded 
electrode structure in the manner described in U.S. Patent No. 3.297,484 assigned to the 
assignee of the present invention. In the process of bonding the electrode, it is desirable to 

10 blend the catalyst with Teflon dispersions in such a manner that the dispersion contains little or 10 
no hydrocarbons. If the fluorocarbon Teflon composition contains hydrocarbon organic surface 
active agents, it results in loss of surface area of the reduced oxide catalyst. Any reduction on 
the surface area of the catalyst is obviously undesirable, since it has potentially deleterious effect 
on the efficiency and effectiveness of the catalyst. Hence, fabrication of the electrode should be 

1 5 by the use of a Teflon polytetrafluoroethylene particle composition which contains few, if any, 1 5 
hydrocarbons. One suitable form of these particles which may be utilized in fabricating the 
electrode is sold by Dupont under its designation Teflon T-30. 

The mixture of noble metal particles and Teflon particles or of graphite and the reduced oxide 
particles are placed in a mold and heated until the composition is formed into a decal which is 

20 then bonded and embedded in the surface by the application of pressure and heat. As 20 
described, for example, in U.S. Patent No. 3,297.484. above, the electrode structure is bonded 
to the surface of the ion-exchange membrane thus integrally bonding the gas absorbing particle 
mixture and, in some instances, preferably embedding it into the surface of the membrane. 
The novel membrane/electrode structure thus fabricated comprises a solid polymer electrolyte 

25 membrane capable of selective ion transport having a thin, porous, gas permeable electrode of 25 
the above-described electrocatalytic reduced platinum group metal oxides bonded to at least one 
side of the membrane. A second electrode may be bonded to the other side of the membrane 
and may include the same electrocatalytic material, or any other suitable cathodic material. The 
selective ion transporting membrane is preferably a stable, hydrated, cationic membrane which 

30 is characterized by ion transport selectivity. The cation exchange membrane allows passage of 30 
positively charged cations such as hydrogen ions in the case of the electrolysis of a halide such 
as hydrogen chloride or sodium cations in the case of the electrolysis of aqueous alkali metal 
halides, and thus minimizes passage of negatively charged anions. 

There are various types of ion exchange resins which may be fabricated into membranes to 

35 provide selective transport of the cations. Two classes of such resins are the so-called sulfonic 35 
acid cation exchange resins and the carboxylic cation exchange resins. Sulfonic acid exchange 
resins, which are the preferred type, include ion-exchange groups in the form of hydrated. 
sulfonic acid radicals (S0 3 H X H-.O) attached to the polymer backbone by sulfonation. the ion 
exchanging acid radicals in the membrane are fixedly attached to the backbone of the polymer 

40 ensuring that the electrolyte concentration does not vary. As pointed out previously, perfluoro- 40 
carbon sulfonic acid cation membranes are preferred. One specific class of cation polymer 
membranes in this category is sold by the Dupont Company under its trade designation 
"Nafion". The "Nafion" membranes are hydrated. copolymers of polytetrafluoroethylene (PTFE) 
and polysulfonyl fluoride vinyl ether containing pendant sulfonic acid groups. 

4 5 The ion-exchange capacity (IEC) of a given sulfonic cation exchange membrane is dependent 4 5 
upon the milliequivalent weight (MEW) of the SO, radical per gram of dry polymer. The greater 
the concentration of the sulfonic acid radicals, the greater the ion-exchange capacity and hence 
the capability of the membrane to transport cations. However, as the ion-exchange capacity of 
the membrane increases, so does the water content and the ability of the membrane to reject 

50 salt decreases. Thus in electrolysis of alkali metal halide solutions, caustic is generated at the 50 
cathode side and the rate at which the sodium hydroxide migrates from the cathode to the 
anode side thus increases with IEC. Such back migration reduces the cathodic current efficiency 
(CE) and also results in oxygen generation at the anode which have undesirable consequences in 
its effect on the catalytic anode electrode. Consequently, the preferred ion-exchange membrane 

55 for use in brine electrolysis is a laminate consisting of a thin (2 mil or so) film of fifteen hundred 55 
(1500) MEW. low water content (5-15%) cation exchange membrane which has high salt 
rejection, bonded to a 4 mil or so film of high ion-exchange capacity. 1 100 MEW, bonded 
together with a Teflon cloth. One form of such a laminated construction sold by the Dupont 
Company is Nafion 315. Other forms of laminates or constructions in which the cathode side 

60 layer consists of a thin layer of film of low water content resin (5-15%) to optimize salt rejection 60 
are also available. Typical of such other laminates are Nafion 355, 376, 390. 227, 214. In the 
case of a laminated membrane bonded together by a Teflon cloth, it may be desirable to clean 
the membrane and Teflon cloth by refluxing it in seventy (70) percent HNO^ for three to four (3 
to 4) hours in addition to soaking in caustic preferred to previously. 

65 In the case of electrolysis hydrogen halides such as hydrochloric acid, there is no problem of 65 
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5 chemically modi)!* film ol sulfonate o-ooos ~ £!.,„., ,s a ,hin ' < J - 4 ">»> 

10 fluorocarbon such as Teflon bonri^tn . 11 ,? ! . ° d6S com P f,s,n 9 Panicles of a 

or iridium (IrOj or s.abi Ld reduced SS^S *1 ^ ° X ' deS °' ru,he ™m <B"0 ) 1 0 

(RuTi), ruthenium-tantalum (RuTaWu^ (Ru,r) - 'Vthenium-titan ium 

or combinations of the above with oranhTand S ° f ^ lh enium-graphi,e 

cathode, shown at 14 is bonded J S! 3 m u' Ve 3 " d transition metal oxides. The 
15 a catalytic anode, no, sh^ls b ^ membrane and 

membrane. Current collector; in the form o I m,^ V emb ! dded m the opposite side of the 1 5 
electrodes. The whole membrane/e.ectrTde Pr6SSed a9ainst ,he 

elements 1 1 and 12 by means of gaskets 1 an MS l(! h Y SUpP ° Med be,we ^ the housing 
- or inert to the cell environment, namely caustic ch.lfint n, 6 ° f any ma,erial fesis,an « 

20 the case of brine electrolysis and HCI HRr fn ?k < ^. a " ueous sodium chloride in 

such a gasket is a filled rubber oaskei soW bv 1^ °' "r" ha ' ides " 0ne of 20 

under its trade designation EPDM * 9 °° fe Com P an V of Cambridge. Mass. 

.brX^^ such as HC, is introduced 

25 halogens such as color ne are rem v J Z? h * Chambe ' 20 Spent ^trolyte and 

is provided in the c^^^St^S! ™ ^ 21 A ca,hode '"let conduit 22 25 

permit the introduction of th ^SS^S^Lf communMates whh cathode chamber 1 1 to 
electrochemicaHy a, Z^S^&^iZ^^ ^ I™*™** than that formed 
hahdes such as hydrogen chloride no cathol^ n« h i' °' e,ec,rol VS's of hydrogen 

)30 22 may be dispensed with catho.yte need be provrded and the cathode inlet conduit 

) e.e^eTo^^^ 30 
transported across the membrane to "fo S^^taoS^^ ,he , Sodium cations 
porous, bonded cathode electrode to dilute ?thJ Wnff V" a ' S ° Sweeps across the 

35 membrane/electrode interface to ™ 9 V coventrated caustic formed at the 

into the anolyte cn^b^ °' "V* 3Cross membrane 35 

11 to remove excess catbolyt and S^iSS^ ^ ^ C3,h ° de Cn3mber 

electrolysis, plus any hydrogen discharae at S^LW^*^* C3US,,C in ,he case of bfi "e 
hydrogen chloride electrolysis A oowe ?Lhil 9^ ^ ^ • bfme e,ec trolysis and in 

40 comparable cable not shown is touch into ^ " ?° U .? ht IT ^ C3,hode chambe ' a " d a 

conducting screens 1 5 a™ 1 6 £ an y oSiiTStL^ 1 ^- ^ C ° nneCt ,he cu " e ™ " 

power. ny otner su,,a ble kind of collector as source of electrical 

of agu^ pla " - *• cel. during the electrolysis 

45 process in the manner in wWc .the cell ^inctten. Th USefU ' understand '"9 the electrolysis 
is brought into the anode compaSmen which i^ J ; ^ 3aue0US S °' Ution of sodium chloride 
the cationic membrane ^3^SSS^^ m n J^T , '"V*" C3th ° de compartment by 
content (20-35% based onX Sht of L m K P ?,' ,e me 0 mbrane comprising a high water 
water content high MEW cat^HSe !Tf 6 ' T 3n ° de side 3nd 3 

50 separated by a Teflon cloth 2fi I The cathoS Si t • °" d ' y We ' 9ht of membrane) 

on the cathode side to form a thin , fave of ! low 1,"'^ ^ ^ 3 ' S ° be che mically modified 50 . 
achieved by modifying the iStofei .^? ? m f. nt P ° lymer - ,n ° ne ,orm this 
converting the cathode side laCeT to weS Lid #o f d I s , u,,onam,de membrane layer. By 
. Portion of the membrane is reduced anTthe S su,fonam de >' ,he wa ter content of this 
55 a result, diffusion of sodium hydrwid > blr t ~ T™ 9 Cap3b ' ,ity ° f the fi,m is increased. As 

While laminated m«nlHm£££^ TnT^I " ^ h minimi ' 2ed - 55 

sodrum hydroxide, other homogeneous S 2? . bnne e,ectro, ysis to block migration of 
1 50 perf.uorocarboxy.ates. etc:) Sbv ouJTy il ZZTJT"! ™ y , *>* Utilized - ^ Na ' ion 
such as HCI, HBr. etc the ion twZSi™ w 6 ° f ,he e,e ctrolysis of hydrogen halides 
,o0 such as the Nation 1 2 b deferred ^ may be 3 sim P'^ homogeneous fi?m 

1 - ab ^d^ contains a, least one thermally 

or without reduces oxides of ^ZSS^J^^J^S^' '"f^ °' ru,ha "i«m-iridium with 
shown, pressed into the surface of meXane i ? ? n,a,um 3 ? d P aftic 'es of graphite are. as 
65 partially, for the sake of clarty are preTsed^Jin* C * 4 CO " ec,ors 1 5 and 16 - shown only 

ny..are pressed agamst the surface of the catalytic electrodes and 65 
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are connected, respectively, to the positive and negative terminals of the power source to 
provide the electrolyzing potential across the cell electrodes. The aqueous halide ion solution, 
such as an aqueous sodium chloride solution, is brought into the anode chamber, is electrolyzed 
at anode 29 to produce chlorine as shown diagrammatically by the bubble formation 30. The 
5 chlorine actually is principally evolved at the interface of the electrode and the membrane, but 5 
passes through the porous electrode to the electrode surface. The sodium ions (Na • ) are 
transported across membrane 13 to cathode 14. A stream of water or aqueous NaOH shown at 
31 is brought into the cathode chamber and acts as. a catholyte. The aqueous stream is swept 
across the surface of the Teflon-bonded catalytic cathode 14 to dilute the caustic formed at the 
10 membrane/cathode interface and thereby reduce diffusion of the caustic back across the 10 
membrane to the anode. 

A portion of the water catholyte is electrolyzed at the cathode to form hydroxyl ions and 
gaseous hydrogen. The hydroxyl ions combine with the sodium ions transported across the 
membrane to produce sodium hydroxide at the membrane/electrode interface. The sodium 
15 hydroxide readily wets the Teflon forming part of the bonded electrode and migrates to the 1 5 

surface where it is diluted by the aqueous stream sweeping across the surface of the electrode. 
Even with a cathode water sweep, concentrated sodium hydroxide in the range of 4.5-6. 5M is 
produced at the cathode. Some sodium hydroxide, as shown by the arrow 33, does migrate 
back through membrane 13 to the anode. NaOH migration is a diffusion process caused by the 
20 concentration gradient and electrochemical negative ion transport to the anode. Sodium 20 
hydroxide transported to the anode is oxidized to produce water and oxygen as shown by bubble 
formation at 34. This of course, is a parasitic reaction which reduces the cathode current 
efficiency and should be minimized by the utilization of membranes which have high salt 
rejection characteristics on the cathode side. Aside from its effect on current efficiency, 
25 production of oxygen at the anode is undesirable since it can have troublesome effects on the 25 
electrode and membrane, particularly if the electrode includes graphite. In addition, the oxygen 
dilutes the chlorine produced at the anode so that processing is required to remove the oxygen. 
Oxygen formation may be minimized further by acidifying the aqueous anolyte so that back 
migrating hydroxide is converted to water rather than generating oxygen. The reactions in 
30 various portions of the cellfor electrolysis of NaCI is as follows: 30 

Anode Reaction: 2 CI— ►CIJ + 2e' (1) 
(Principal) 

Membrane Transport: 2Na* + H 2 0 (2) 

35 Cathode Reaction: 2H 2 0->20H - + H,f - 2e " (3) 35 

2Na* + 20H-— 2Na0H (4) 

Anode Reaction: 40H - — 0 > + 2H,0 + 4e - (5) 

Overall 2NaCI + 2H,0-*2NaOH + CU| + H ,J (6) 



40 



(Principal) 

The reactions for electrolysis of a hydrogen halide. such as HCI. are very similar: 



40 



Anode Reaction: 2HCI—2H • + CI,] + 2e" (1) 

Membrane Transport: 2H * (H 2 0. HCI) (2) 

45 Cathode Reaction: 2H*+'2e — H,| (3) 45 

Overall Reaction: 2HCI— H 2 + Cl 2 " (4) 

The novel arrangement for electrolyzing aqueous solutions of brine or of HCI which is 
described herein is characterized by the fact that the catalytic sites in the electrodes are in direct 

50 contact with the cation membrane and the ion exchanging acid radicals attached to the polymer 50 
backbone (whether these radicals are the SO,H x H 2 0 sulfonic radicals or the COOH X H >0 
carboxylic acid radicals). Consequently, there is no IR drop to speak of in the anolyte or the 
catholyte fluid chambers (this IR drop is usually referred to as "Electrolyte IR drop"). 
"Electrolyte IR drop" is characteristic of existing systems and processes in which the electrode 

55 and the membrane are separated and can be in the order of 0.2 to 0.5 volts. The elimination or 55 
substantial reduction of this voltage drop is, of course, one of the principal advantages of this 
invention since it has an obvious and very significant effect on the overall cell voltage and the 
economics of the process. Furthermore, because chlorine is generated directly at the anode and 
membrane interface, there is no IR drop due to the so-called "bubble effect" which is a gas 

60 blending and mass transport loss due to the interruption or blockage of the electrolyte path 60 
between the electrode and the membrane. As pointed out previously, in prior art systems, the 
chlorine discharging catalytic electrode is separated from the membrane. The gas is formed 
directly at the electrode and results in a gas layer in the space between the membrane and the 
electrode. This in effect breaks up the electrolyte path between the electrode-collector and the 

65 membrane blocking passage of Na fc ions and thereby, in effect, increasing the IR drop. 65 
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( ) anode. The reduced ruthenium oxides are s aoi lized LTnT^l ^ overvoltage at the 

produce an anode wh.cb is stable. s!^n^^^i^S!!1i *"* eV0,U,i °" to 

5 U by heating ,he reduced oxides of ru henTum fo one ? temperature stabilization; 

550 to 600'C. The Teflon-bonded reduced S n .k " temperatures in the range of 5 
mixing i, with graphite and/or aMoy inn " mbdt with rlrfTT 'T* ? ' Ur,her 5 
range of 5 to 25% of iridium with 25% h*™ 2 7 5 " d ° X ' deS ° f iridium COO in the 
(Ti)0.. with 25-50% of TiC TprTferred It has aSo been " 2"? redUCed ° xides of titanium 
ox,des of titanium, ruthen.um and iridium <R U J TO orTnt. ^ ' ^ 3 "° y °' ' educed 
lr. Ta)0. bonded with Teflon is very efferW L „ 1 " tantalum, ruthenium and iridium (Ru 10 
the ternary alloy, the compositions ^S^SS^SL'^ 1°"^ ^ case of 
•nd.um. approximately 50% by weight reduced Mirti .S % ^ ' °' reduCed 0xides °' 
transition metal such as titanium For a binary tZ oUe^™?' ^ *" '^""i*' 3 
Man.um. the preferred amount is 50% bl !1 °L ° d ° X ' deS ° f ru, henium and 

Titanium, of course, has the addaional advSoe o T'™ "?! ** r6m3inder Senium, t 5 

ruthenium or .ridium. and thus KTSfa^^TSff* ,6SS eXpensive « ha " either 
t.me stabilizing the electrode in an acidTn^ wh.ch reduces cost while at the same 

evolution. Other transition metals <S env,ronfnen ' and against HCI. chlorine and oxygen 
20 hafnium (Hf, can^adi!; be sub it'ed for 7£Z«1 'T'™ ™ ™°»<™ (2r 7or 

metals, transition metal carbides nitrides a nd sumdei 1 i^ 0 '', 3 - ,n 3ddi,ion t0 " 3 ™tion 20 

1-2 mg/cm>. The current ShSK S thl an^ll^L^ ?* Pre ' e " ed ran 9 e ^9 
of fine mesh which makes good contact whh th?.? ? ? T be 3 p ' a,ini2e d mobium screen 
30 titanium screen coated withruthenium ox'de t^T^Vf^- Mt *'™^ ™ expanded 
) thereof may also be used as an ^^^SS^J!S^ ° Xid& 3nd mix,u <es 30 

\ may be ,n the form of a titanium-palladium ni/to ^ , ' 3 ° ther 3node co »ector structure 
J Plate by welding or bonding P a,,ad '"m plate w.th a plat.num clad screen attached to the 

35 ,2LSES SSJJS 4 S^^^^l^r? 0 ' 65 3nd P,3tinUm b,3ck ««, 

and embedded in the surfac to I the fcwion mJmbr^°?K e,eC, :° d J e " ,ike ,he anode - « bonded to 35 
or less, and preferably approximateVo 5 ml The ^ h ° de is made Quite < hi ". 2-3 mils 

The thickness of the cXSe can b 1^1^°'°^ haS 3 ,OW Te,,on cont em. 
water or aqueous NaOH sweeping aSd !2232?S?h" k "m™ b * fe,,eC,ed in reduced 
40 current efficiency. Cells were conLucled S S ' ? ^ feduCes Ca,hodic 

Teflon bonded cathodes. The V£S?X^~rt^'T?* 5 tC> 20 mi,) Pt b,ack - 1 5% 40 
at 5M NaOH when operated at 88-9 fx Shi Zan'n^Z?* Were a PP'°*imately 80% 
Ru-graphite cathode the current efftLL !° 9/L NaCI anode ,ee d With a 3.0 mil 

the relationship of CE ^M^^^Sl^^} !° 54% 31 5M Na0H Table A shows 
45 the best performance ,n ' CkneSS ' and ,nd,cates th.cknesses not exceeding 2-3 mils give 



TABLE A 



50 Cell Cathode S" h ,° de , Current Efficiency 

06 Thickness (mil) % (M Na0H ) 



1 Pt Black 2 1 ~ 

2 Pt Black 2 3 ti { * ° M) 

3 Pt Black 7~2 73 (4.5 M) 
55 4 p tB , ack I 2 Z5g-J M » 



45 



50 



r 



65 



Pt Black ob 2 82 (5 M) 

6 5% P, Black ?" 5 7 7 8 <5.5M) 
on Graphite 78 (3 0 M > 

7 1 5% Ru 0 on 3 

Graphite 54 (5.0 M). 

8 Platinized 10-15 r; 7 /c M . 60 
Graphite Cloth 57 (5 M) 



The is mK)e 9as pe , me , bte ,„ a „ ow sases evo[ved m elecl , oi)e/mcmbran8 
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interface to escape readily. It is made porous to allow penetration of the sweep water to the 
cathode electrode/membrane interface where the NaOH is formed and to allow brine feedstock 
ready access to the membrane and the electrode catalytic sites. The former aids in diluting the 
highly concentrated NaOH when initially formed before the NaOH wets the Teflon and rises to 
5 the electrode surface to be further diluted by water sweeping across the electrode surface. It is 5 
important to dilute at the membrane interface where the NaOH concentration is the greatest. In 
order to maximize water penetration at the cathode, the Teflon content should not exceed 15% 
to 30% weight, as Teflon is hydrophobic. With good porosity, a limited Teflon content, a thin 
cross-section, and a water or diluted caustic sweep, the NaOH concentration is controlled to 

10 reduce migration of NaOH across the membrane. 10 
The current collector for the cathode must be carefully selected since the highly corrosive 
caustic present at the cathode attacks many materials, especially during shutdown. The current 
collector may take the form of a nickel screen since nickel is resistant to caustic. Alternatively, 
the current collector may be constructed of a stainless steel plate with a stainless steel screen 

1 5 welded to the plate. Another cathode current structure which is resistant to or inert in the 1 5 

caustic solution is graphite or graphite in combination with a nickel screen pressed to the plate 
and against the surface of the electrode. 

EXAMPLES 

20 Cells incorporating ion exchange membranes having Teflon-bonded reduced noble metal oxide 20 
electrodes embedded in the membrane were built and tested to illustrate the effect of various 
parameters on the effectiveness of the cell in brine electrolysis and to illustrate particularly the 
operating voltage characteristics of the cell. 

Table I illustrates the effect on cell voltage of the various combinations of the reduced noble 

25 metal oxides. Cells were constructed with electrodes containing various specific combinations of 25 
reduced noble metal oxides bonded to Teflon particles and embedded into a cationic membrane 
6 mils thick. The cell was operated with a current density of 300 amperes per square foot at 
90*C. at feed rates of 200 to 2000 cc per minutes, with feed concentration of 5M. 

One cell was constructed in accordance with the teachings of the prior art and contained a 

30 dimensionally stabilized anode spaced from the membrane and a stainless steel cathode screen 30 
similarly spaced. This control cell was operated under the same conditions. 

It can readily be observed from this data that in the process of the instant invention, the cell 
operating potentials are in the range of 2.9-3.6 volts. When compared to a typical prior art 
arrangement (Control Cell No. 4), under the same operating conditions, a voltage improvement 

35 of 0.6V- 1.5V is realized. The operating efficiencies and economic benefits which result are 35 
clearly apparent. 
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A cell similar to Cell No. 7 of Table I was constructed and operated at 90 C in a saturated 
brine feed. The cell potential (V) as a function of current density (ASF) was observed and is 
shown in Table II. 



5 TABLE II 



Cell Voltage (V) 


Current Density (ASF) 


3.2 


400 


2.9 


300 


2.7 


200 


2.4 


100 



1 5 This data shows that cell operating potential is reduced as current density is reduced. Current 1 5 
density vs. cell voltage is, however, a trade-off between operating and capital costs of a chlorine 
electrolysis. It is significant, however, that even at very high current densities (300 and 400 
ASF), significant improvements (in the order of a volt or more) in cell voltages are realized in the 
chlorine generating process of the instant invention. 

20 Table III illustrates, the effect of cathodic current efficiency on oxygen evolution. A cell having 20 
Teflon-bonded reduced noble metal oxides catalytic anodes and cathodes embedded in a 
cationic membrane were operated at 90*C with a saturated brine concentration, with a current 
density of 300 ASF and a feed rate of 2-5 cc/Min/in 2 of electrode area. The volume percent of 
oxygen in the chlorine was determined as a function of cathodic current efficiency 

25 25 
TABLE III 



30 . 30 



Cathodic Current 


Oxygen Evolution 


Efficiency (%) 


(Volume %) 


89 


2.2 


86 


4.0 


84 


5.8 


80 


8.9 



35 35 

Table IV illustrates the controlling effect that acidifying the brine has on oxygen evolution. The 
volume percent of oxygen in the chlorine was measured for various concentration of HCI in the 
brine. 

40 40 
TABLE IV 



Acid (HCI) 
Concentration (M) 


Oxygen 
Volume % 


0.05 


2.5 


0.75 


1.5 


0.10 


0.9 


0 15 


0.5 


0.25 


0.4 



It is clear from this data that oxygen evolution due to electrochemical oxidation of the back 
migrating OH" is reduced by preferentially reacting the OH" chemically with H; to form H .0. 
55 A cell similar to Cell No. 1 of Table I was constructed and operated with a saturated NaCI 55 
feedstock acidified with 0.2M HCI and at 300 ASF. The cell voltage was measured at various 
operating temperatures from 35-90T. 

A cell similar to Cell No. 7 of Table I was constructed and operated with 290g/L (-5M)/l 
NaCI stock (not acidified) at 200 ASF. The cell voltage was measured at various operating 
60 temperatures from 35-90T. The data was normalized for 300 ASF. 60 
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I TABLE V 

) ~ 

Cell No 7 Voltage 

Normalized to 300 ASF Temperature 
5 Cell No. 1 Voltage (200 ASF Data) C 



3 65 3.50(3.15) 35- 

3 38 3.30(2.98) 45' 

_ 32 3.20 (2.9) 55- 

10 3 15 3.12(2 78) 65' 

3 10 3.05 (2.72) 75' 10 



3 05 2.97 (2.65) 85' 

3 02 2.95 (2.63) go* 



15 



15 



20 



25 



This data shows that the best operating voltage is obtained in the 80-90* range It is to be 

S^Tk 31 l Ve " 3t 35 " C - ,he VO,tS 9 e wi,h instant catalyst and elecuolyzer is at 
least 0.5 volts better than prior art chlorine electrolyzers operating at 90X 

20 S u^rp n ol h a e NaCI , e,ec,ro,vsis is «™ed out in a cell in which both electrodes are bonded to the 

20 surface of an .on transportmg membrane, the maximum improvement is achieved However 
improved process performance is achieved for all structures in which at least one of the 
electrodes is bonded to the surface of the ion transporting member (hybrid cell) The 
hTTrf 'lT h 3 u Vbfid s,ructure is somewhat less than is the case with both electrodes 

25 „!„ ™ eVenheless i ,h * ""P'ovement is quite significant (0.3-0.5 volts better than the 

25 voltage requirements for known processes). 

A number of cells were constructed and brine electrolysis carried out to compare the results in 

bonSJ <T« d ZV b0th t e !f CUOdeS) Wi,H ,hC feSU,tS in h " b ' id Ce » constructions' anode on.y 
bonded and cathode only bonded) and with the results a prior art non-bonded construction 
(ne.ther electrode bonded). A.I of the cells were constructed with membranes of Na ion 31 5 the 
30 cell was operated at 90'C with a brine feedstock of approximately 290 g/L The bonded 

electrode catalyst load.ngs were 2g/h> at the cathode for Pt Black and 4g/ft> at the anode for 

' IB J I . SJ CUrrem e,,icienCy at 300 ASF was essentiany the same for aN cells 

(84-85% for 5M NaOH). Table VI shows the cell voltage characteristics for the var^us cells: 

35 TABLE VI 



Cell Anode 



Cathode 


Cell Voltage (V) 
at 300 ASF 


Pt Black 


2.9 


(Bonded) 




Pt Black 


3.5 


(Bonded) 




Pt Black 


3.4 


(Bonded) 


Ni Screen 


3.5 


(Not Bonded) 


Ni Screen 


3.3 


(Not Bonded) 


Ni Screen 


3.8 


(Not Bonded) 



40 1 Ru-Graphite , . DMtK z y 

(Bonded) (Bonded) 

2 Platinized Niobium 
Screen (Not Bonded) 

3 Platinized Niobium 
45 Screen (Not Bonded) , w »u*o, 

4 Ru-Graphite Ni Screen -? e; 
(Bonded) 

5 RuO, 
(Bonded) 

50 6 Platinized Niobium ,,, otieeil {y 

Screen (Not Bonded) (Not Bonded) ' • 



55 thin ,h» ,? , 3, w the Ce " V0,t39e of the ,u,, y Teflon-bonded cell No. 1 is almost a volt better 
ca*od ,0 n th o 'T^' com P lete, V non-Teflon bonded, control cell No. 6 Hyb d 
cathode bonded cells 2 and 3 and hybrid anode bonded cells 4 and 5 are approximately 
G.4-0 6 volts worse than the fully Teflon-bonded cell but still 0.3-0.5 volt better thwt he 

It w be 0 "' 588 C3rfie . d ° Ut 3 With ° ut Te,, <" b ™*** electrodes 

'60 from b n/anT u Z V ^ SUpCri ° r prOCCSS for generating chlorine and other halides 
bvTeacTno ,K 7'" be j hown her * aH *'- from HCI and other halides. has been made possible 
) embedSin T ™* Xh \ caXho ^ a < «"*>Vtic electrodes bonded directly toTnd P 
elTctrodes a?e i 'h 7 membrane By virtue of this arrangement, the catalyiic sites in the 
m^K ? d ' reCt COmact w,,n the membrane and the acid exchanging radicals in the 

65 ,? sTon XSn'T? m9 '? 3 mUCh m ° re VO,,a 9 e e,,icient P roce ss in which theTqui red cSl potential 
65 is s.gn.f.cantly better (up to a volt or more) than known processes. The use oftK S 



60 
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fluorocarbon bonded thermally stabilized, reduced noble metal oxide catalysts, as well as 
fluorocarbon graphite-reduced noble metal oxide catalysts with low overvoltages. further 
enhance the efficiency of the process. 

5 EXAMPLES 5 
Electrodes containing thermally stabilized, reduced noble metal oxides, etc.. embedded in ion- 
exchange membranes were built and tested to illustrate the effect of various parameters on the 
effectiveness of the cell and catalyst in the electrolysis of hydrochloric acid. 
Table VII illustrates the Effect on Cell Voltage of various combinations of reduced noble metal 
10 oxides. Cells were constructed with Teflon-bonded, graphite electrodes containing various 10 
specific combinations of thermally stabilized, reduced platinum metal oxides and reduced oxides 
of titanium embedded into a hydrated cationic membrane, 12 mils thick. The cell was operated 
with a current density of 400 amps per square, at 30T. at a feed rate of 70 cc per minutes, 
(0.05 ft 2 active cell area) with feed normalities of 9-1 1N. 
1 5 Table VIII and IX illustrate the effect of time for the same cells and under the same 1 5 

conditions, on cell operating voltages. 

Table X shows the effect of acid feed concentration ranging from 7.5-10.5N. A cell, like cell 
No. 5 in Table II, was constructed with reduced (Ru, 25% lr)0, noble metals added to the 
Teflon-bonded graphite electrode. The cell was operated at fixed feed rate of 150 cc/min. (0.05 
20 fr active cell area) at 30X and 400 ASF. 20 
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j TABLE VIII 



5 





Cell 




Current 




Voltaoe tV\ 


VUKdyt; \ V J 


Density 


Cell 


at 100 Hrs. 


At Onpratinn 


Mmperes 


Operating 


Tirnp From 


Por Qni i^ro 

rer oquare 


No. 


Time 


Table 1 


Foot (ASF) 


1 


1.85 


2.10 


400 


2 


1.84 


2.01 


400 


3 


1.78 


1.97 


400 


4 


1.80 


1.91 


400 


5 


1.75 


2.07" 


400 






(1-9) 




6 


1.70 


1.80 


400 



5 



10 



15 



"See note for Table VII 



20 TABLE IX 



25 


Cell 

No. 


Intermediate 
Operating 
Time — (Hrs.) 


Current 
Density 
Amperes/Sq. 
Ft. (ASF) 


Cell 

Voltages (V) 


30 


1 


3900 


100 
200 
300 


1.70 
1.93 
2.00 


2 


3400 


100 
200 
300 


1.57 
1.70 
1.83 


35 


3 


1900 


100 
200 
300 


1.58 
1.70 
1.81 


40 


4 


1000 


100 
200 
300 


1.47 
1.60 
1.72 


45 


5 


1200 


100 
200 
300 


1.32 
1.45 
1.55 



25 



30 



35 



TABLE X 



Feed Normality 


Volume % 


(Eq/L) 


o, 


7 


0.4 


7.5 


0.15 


8 


0.04 


8.5 


0.015 


10 


0.007 


10.5 


0.004 


11.5 


0.003 



60 



From the above examples, it will be clear that HCI is electrolyzed to produce chlorine gas. 
bstantially free of oxygen. The catalyst used in the electrolyzer cell is characterized by low cell 65 
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n ,e c mp ^ ra,ure <~ 30 C > operation resulting in economical operation of such 
) hL„ ? VZer " " S , Fu ' lher ™<*- ,his *"* shows excellent performance at various current 

dens,,,es. pari.culady a, 300-400 ASF. This has a positive and beneficiaf effect on capital costs 
for chlor.ne electrolyzers embodying the instant invention. P COS,s 

5 To show the effect of thermal stabilization on reduced noble metal and transit,™ m ».,i • , 

certain tests were carried out. These tests show the impact on the resSance o h^ Zl™?*' 5 
harsh electrolyse env.ronments. Thermally stabilized as well as non-stabilized reduced oxide 
catalysts were exposed to highly concentrated HCI solutions which represent extremelv harsh 
10 ESSE?' ? ndi, :° nS , The CO, ° r ° f ,he SO ' Ution W3S obsefved since darkening S he sotion 
ccJor changes ^ § ^ °' ™ aCCOm P a " ied b V •»«• Pronounced 10 

. ranging ZnT« ? 0 'S? ^ " f0Si ° n ' eSiS,anCe ^ Ca,a,yS, b3,Ch6S 
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It will be obvious from this data that thermal stabilization of the reduced oxides enhances the 
corrosion resistance of the catalyst in very concentrated HCI and. in fact, provides very oood 
stability, It is obvious that resistance of the catalysts in the much less corrosive chlorine or brine 
environments .s excellent and attributable to thermal stabilization of the reduced oxide catalyst 
b Having observed the improved corrosion characteristics of the thermally stabilized reduced 5 
p annum group metal oxides, physical and chemical tests were conducted to determine the ' 
effect of thermal stabilization on various characteristics of the catalysts which might account for 
the improved corrosion characteristics. The oxide content, surface area in M 2 /o of catalyst the 

m " «? K m ?K T, 6 distribution of the catalyst were measured after fabrication of the 

1 0 catalyst by the modified Adams method; after reduction of the catalyst; and after thermal 10' 
stabilization of the reduced catalyst. The result of these tests, which will be set forth in detail 
below show that the surface area of the catalyst is reduced somewhat after the catalyst is 
reduced, and quite substantially after thermal stabilization. A drop in oxide content after the 
reduction step is believed to account for part of the decrease of the surface area. A substantial 

1 5 change in the internal pore size distribution of the catalyst after thermal stabilization without a 1 5 
corresponding change in the poor volume is believed responsible for the very substantial 
decrease (ratio of 2 to 1) in surface area accompanying thermal stabilization and would account 
for the improved corros.on characteristics as corrosion is directly related to the area exposed to 
attack by any corrosive agents. 

20 '"^"y- Sample #1. a ruthenium-25% by weight iridium catalyst was prepared by the 20 

modified Adams method A portion of this catalyst was reduced electrochemically to form 

llTLnh A ' educed < Ru 25 ,r >°. sample was thermally stabilized for one (1) hour at 

?CL" n i?i5i' Z£ 1" 3re .f ° f ! £ e unreduced (S^P* *D catalyst, the reduced catalyst 
(Sample #2) and the thermally stabilized, reduced (Ru 25 lr)0. catalyst (Sample #3) as 

sTownTn Table x!l P ° im ^ < BRUNAUER - EMM ET-TELLER) ni "°9en adsorption method, is 25 



TABLE XII 



30 Catalyst 

(Ru 25 Ir) Treatment Surface Area S ° 



35 



40 



Sample #1 


None 


127.6 M 2 /g 
123.5 MVg 
62.3 M 2 /g 


Sample #2 


Reduced 


Sample #3 


Reduced and 




Thermal Stabilization — 




550-600X; 






One (1) Hour 





* a ™. /^ C .r ,en M >< Sa 7P ,es * 1 ' #2 ' and #3 was then measured as well as that of a 
Sample (#4 thermally stabilized at 700-750'C for one (1) hour. In addition the oxide content 
ot P Mr catalysts containing respectively 5 and 50% by weight of Iridium was measured The 
results are shown in Table XIII. 



35 



40 
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TABLE XIII 



10 



20 



Catalyst 
(Ru 25 »r) 


Treatment 


% Oxide Content 


Sample #1 


None 


24.4 


Sample #2 


Reduction 


24.3 


Sample #3 


Thermal Stabilization; 


22.6 


550-600'C — One (1) 






Hour 




Sample #4 


Reduction and Thermal 


21.5 


Stabilization; 






700-750T — 






One (1) Hour 




(Pt-50lr) 






Sample #5 


None 


16.5 


Sample #6 


Reduction 


15.2 


Sample #7 


Reduction and Thermal 


13.0 




Stabilization; 






550-600T — 






One (1) Hour 





10 



15 



20 



25 



30 



35 



40 



The data from Table XIII shows a decrease in oxide content with reduction and thermal 
stabilization just as surface area decreases after reduction and thermal stabilization. 

Decrease of oxide content (i.e., unreduced catalyst) will have a corresponding effect on 
surface area since the surface area of oxides is normally greater than that of the non-oxide form. 
This reduction in oxide content in part explains surface area reduction but does not wholly 
explain the dramatic reduction in surface area after thermal stabilization. 

The porosity of the catalyst was therefore measured to determine whether thermal stabilization 
of the catalyst causes a change in porosity thereby decreasing the surface area and increasing its 
corrosion resistance. Catalyst samples were taken from the same batches as Samples 3*1. #2. 
and ^3 and the porosity of the samples and particle size distribution measured. Particle size 
distribution was measured by a sedimentation method and showed that the equivalent spherical 
diameter at 50% mass distribution was 3.7 micros (/i) after reduction of the catalyst and 3.1 
microns '(/O after thermal stabilization. This indicates that the external surface of the particles is 
reduced but again does not account for all of the surface area reduction after stabilization. 

Total pore volume data (cc/g) was obtained by capillary condensation and mercury intrusion 
methods. Data for Samples 3*1, #2. and #3 is shown in Table XIV. 

TABLE XIV 



25 



30 



35 



40 



45 



Catalyst 
(Ru-25 Ir) 


Treatment 


Range 


Total Pore Volume 
cc/g 


Sample *f 1 


None 


40A-10/* 


0.80 cc/gm 


Sample **2 


Reduction 




0.72 cc/gm 


Sample =?3 


Reduction and 




0.76 cc/gm 




Thermal Stabilization; 








500-600'C — 








One (1) Hour 







45 



50 



The data shows that the total pore volume is relatively unchanged. Thus the porosity, in terms 
55 of gms/cc or if converted to void volume (knowing the spherical size and density), is essentially 55 
the same and is in the range of 0.7-0.8 gms/cc for Ru-25 Ir. 

Simultaneously, the pore size distribution was measured to obtain the pore diameter 
distributions in the 40A-10 micron range. Capillary condensation was used in the 40-500A 
range. In this method liquid condensation for a given vapor pressure is measured to obtain pore 
60 size distribution. The capillary condensation method has a lower resolution limit of 40A and an 60 
upper limit of 500A\ For pores in excess of 500A* (i.e.. 500A # -lifyi) a mercury intrusion 
method is utilized to obtain pore size distribution. Pore diameter distribution measurements for 
the two ranges is shown in Tables XV and XVI respectively. 
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TABLE XV 



10 



15 



20 



25 



30 



Catalyst 


Treatment 


Size Range 


Pore Diameter 
Distribution 


Sample — 1 
Sample =±2 

Sample #3 


None 
Reduction 

Reduction and 
Thermal Stabilization 
550-600X; 
One (1) Hour 


40-500A* 


PnrP OlQtr ihi »* \e-%n 

below 4 OA" 
Pore diameter 
distribution below 
40A' 

Distribution in the 
range of 100-300A' 
with maximum at 
200A' 


TABLE XVI 


Catalyst 


Treatment 


Size Range 


Pore Diameter 
Distribution 
{50% point 
in distribution) 


Sample ^1 
Sample #2 
Sample ^3 


None 

Reduction 

Reduction and 

Thermal Stabilization; 

500-600X; 

One (1) Hour 


500A -10 microns 


0.46/1 
0.82/1 
1.5/j 



This data indicates that thermal stabilization of the catalvst r^ult* in a rK, ft « - 

Mbri£" 9M ran9e W ' th 3 m3XimUm « 1 5 "' s ^presenting the 50% point is 

55 ^ b^tfJ^^^K for thermally stabilized, reduced platinum metal oxide cata.ysts 
y^Zt^SS^J^^ 9 ^ p,a " nurn me,al - °' combination of platinum metals with or 
co nZzion ?ZZ ,k "»«»•". «c, the surface area should be as low as possible (to reduce 

from 60-70 M 9 Vg »™ ^^5^ rS^T 1 ™T ^L" 9 fr0m 24 "165MV 9 and 
60 platinum group metaToVd ^cS s ^ ar i « I k Cata VSt The reduCed th ermally stabilized 

, compared I to powders bracks etc 2 „«1 I 866 "' 'V 9 * SU ' <aCe area catal V st as 
' The oxide content «i ,k . n°"»a«y have surface areas around 1 0- 1 5M l /q 

being lit ^3% b y 0 weig e h, Ca,a,VS, 2 ~ 25% ^ ™^ *• preferred r'ange 
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CLAIMS 

1 . A catalyst system including at least one electroconductive, thermally stabilized, reduced 
platinum group metal oxide. 

2. The catalyst according to Claim 1 wherein the platinum group metal oxide included 

5 therein is ruthenium oxide or iridium oxide. 5 

3. The catalyst according to Claims 1 or 2 which includes electroconductive graphite in 
addition to the thermally stabilized platinum group metal oxide. 

4. The catalyst according to Claims 1-3 which includes thermally stabilized oxides of a 
transition metal. 

10 5. The catalyst according to Claims 2-4 wherein the platinum group metal oxide is 10 
ruthenium oxide and which includes at least one additional thermally stabilized, reduced metallic 
oxide of iridium, tantalum, titanium, niobium, zirconium or hafnium. 

6. The catalyst according to Claim 5 which includes 5% to 25% by weight of reduced 
oxides of iridium. 

15 7. The catalyst according to Claims 5 or 6 which includes 25% by weight of reduced oxides 1 5 
of iridium. 

8. The catalyst according to Claims 5-7 which includes reduced oxides of iridium and either 
tantalum or titanium. 

9. The catalyst according to Claims 2-4 wherein the platinum group metal oxide is iridium 

20 oxide and which includes reduced oxides of tantalum or titanium. 20 

10. The catalyst according to Claims 5-9 which further includes electroconductive graphite. 

11. A halogen evolving catalyst including at least one electroconductive, reduced platinum 
group metal oxide thermally stabilized by heating at an elevated temperature from 300-7 50T. 

1 2. The catalyst according to Claim 1 1 with the surface area thereof being between 

25 24-1 65M 2 /gm of catalyst. ~ " 25 

13. A porous catalyst including at least one electroconductive, thermally stabilized, reduced 
platinum group metal oxide having a surface area in excess of 10M ? /gm, the porosity of said 
catalyst being from 0.4-1.5cc/gm of catalyst, the pore diameter distribution having been 
modified by thermal stabilization to reduce internal pore surface area. 

30 14. The catalyst according to Claim 1 3 wherein the pore diameter distribution has maxima 30 
centered at 200A' and a 50% pore distribution point at 1.5/i. 

15. A catalyst including at least one electroconductive, thermally stabilized, reduced 
platinum group metal oxide, the surface area of the catalyst being at least 60 meters per gram 
of catalyst. 

35 16. A combination electrlyte and electrode structure comprising an ion transporting mem- 35 
brane having at least one gas permeable catalytic electrode bonded to a surface of the 
membrane, said electrode comprising thermally stabilized, electroconductive. reduced oxides of 
at least one platinum group metal. 

17. The electrolyte and electrode structure according to Claim 16 wherein the gas 

40 permeable electrode comprises a plurality of thermally stabilized, electroconductive particles of 40 
reduced platinum group metal oxides. 

18. The electrolyte and electrode structure according to Claim 17 wherein said particles 
include the oxides of at least two metals of the group consisting of thermally stabilized, 
electroconductive, reduced platinum group metal oxides and reduced transition metal oxides 

45 with at least one kind being a reduced platinum group metal oxide. 45 

19. The electrolyte and electrode structure according to Claim 18 wherein said particles 
include thermally stabilized, electroconductive, reduced oxides of ruthenium. 

20. The electrolyte and electrode structure according to Claims 18 or 19 wherein said 
particles include thermally stabilized, electroconductive, reduced oxides of ruthenium and at 

50 least one reduced metallic oxide chosen from the reduced oxides of iridium, tantalum, titanium, 50 
niobium, zirconium or hafnium. 

21. The electrolyte and electrode structure according to Claim 20 wherein the thermally 
stabilized, electroconductive particles are reduced oxides of ruthenium and reduced oxides of 
iridium. 

55 22. The electrolyte and electrode structure according to Claim 21 wherein the particles 55 
include 5% to 25% by weight of reduced oxides of iridium. 

23. The electrolyte and electrode structure according to Claims 20 or 21 wherein the 
particles include 25% by weight of iridium. 

24. The electrolyte and electrode structure according to Claims 18-21 wherein the plurality 

60 of particles include thermally stabilized, electroconductive particles of reduced noble metal 60 
oxides and reduced oxides of titanium or tantalum. 

25. The electrolyte and electrode according to Claim 24 wherein the reduced noble metal 
oxide is reduced iridium oxide. 

26. The electrolyte and electrode structure according to Claims 16-25 wherein said particles 

65 further include electroconductive graphite particles. 65 
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34 p The P r °cess according to Claim 33 wherein the reduced oxides are heated at 550 to 



600'C. 
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•> 27. A combination electrolyte and electrode structure for halogens comprising an ion 

jf transporting membrane having at least one gas permeable electrode bonded to one surface of 
said membrane, said electrode comprising thermally stabilized, electroconductive catalytically 
active reduced oxide parades of at least one platinum group metal, the surface area of the 
5 electrode being at least 60 meters per gram of particles. 

28 A catalytic electrode structure comprising an agglomerate of electroconductive catalytic 
particles bonded together with particles of a resinous binder, said catalytic particles includinq 
thermally stabilized, reduced oxides of at least one platinum group metal said electrode 

^ S \ T u C \ U L e bemg 935 P ermeab,e electronically conductive and catalytically active for electrolysis 
10 of haliaes. 9 

29 The catalytic electrode structure according to Claim 28 wherein said particles include 
the oxides of at least two metals of the group consisting of electroconductive, thermally 
stabilized, reduced platinum group metal oxides and thermally stabilized, reduced transition 
roetal oxides, with at least one of said oxides being a reduced platinum group metal oxide 

1 5 30 The catalytic electrode structure according to Claims 28 or 29 wherein said catalytic 1 5 
particles are thermally stabilized, reduced oxides of ruthenium. 

31 The catalytic electrode structure according to Claims 28-30 which further includes 
particles of another thermally stabilized, reduced oxides of a platinum group metal. 

2 a | A process for the P re Pa r at»on of the electrocatalytic material comprising forming an 
20 oxide of at least one platinum group metal optionally containing a valve metal oxide reducing 20 
the said oxides to a partially oxidized state, heating the reduced oxides in the presence of 
oxygen at a temperature and for a duration sufficiently to stabilize said reduced oxides and 
optionally adding up to 50% by weight of graphite. 

or The process wording to Claim 32 wherein the reduced oxides are heated at 300 to 

25 750 C. 



25 



35. A catalytic material substantially as hereinbefore described. 

36. An electrode structure substantially as hereinbefore described with reference to the 
30 accompanying drawings. ~* 

\ u 37 * L ^ electro| y tlc cell substantially in accordance with any of the Examples of the invention 
j hereinbefore described. 

38 A process for preparing an electrocatalytic material, substantially as hereinbefore 
described. 



) 



